The field of cognitive neuroscience is weighing evidence about whether to move from standard field strength to ultra-high field (UHF). The present study contributes to the evidence by comparing a cognitive neuroscience paradigm at 3 Tesla (3T) and 7 Tesla (7T). The goal was to test and demonstrate the practical effects of field strength on a standard GO/NOGO task using accessible preprocessing and analysis tools. Two independent matched healthy samples (N ¼ 31 each) were analyzed at 3T and 7T. Results show gains at 7T in statistical strength, the detection of smaller effects and group-level power. With an increased availability of UHF scanners, these gains may be exploited by cognitive neuroscientists and other neuroimaging researchers to develop more efficient or comprehensive experimental designs and, given the same sample size, achieve greater statistical power at 7T.
Introduction
Beyond benefits to clinical research and practice (Beisteiner et al., 2011; van der Kolk et al., 2013) , functional MRI at ultra-high field (UHF, !7 T) has much to offer cognitive neuroscience. As the number of human UHF scanners steadily increases across the world, more research centers and laboratories face the decision of whether to transition from standard 3 T field strength. Such decisions will naturally be based on the benefits UHF offers to particular scientific questions and on whether those benefits outweigh disadvantages. Although a body of important research comparing field strengths has been performed by experts in physics and engineering (see below), additional empirical evidence using neurocognitive tasks may also aid the cognitive neuroscientist's decision to invest in UHF.
Statistical power is critical in cognitive neuroscience research. It is the probability of rejecting a null hypothesis, given a true alternative, and motivates each experimental step, from choices about experimental design, preprocessing, analysis and the number of subjects to acquire for group studies. Based on physics principles alone, a higher field strength should provide greater fMRI signal and thereby higher statistical power. However, neuroimaging researchers, including neurosurgeons and psychiatric neuroimagers, are mindful of potential complications and may worry about undesirable trade-offs, worsening of common limitations, emergence of new issues, or increases in various kinds of noise. In addition, solutions to remediate these factors may not be widely known. Fortunately, UHF, as well as the computational infrastructure needed to handle its data, have advanced spectacularly in the last few years. While issues still exist, the technology has progressed to the point where UHF fMRI offers definite advantages to answering most, if not all cognitive neuroscientific questions. The purpose of the present work is to directly compare statistical power between 3T and 7T with a well-known task, using a standard analysis and sample size.
As stated, the present work is not without precedent. Researchers have already compared 3T and UHF (usually 7T) fMRI. For example, one benefit of 7T is that it allows the acquisition of higher resolution data and, therefore, less partial voluming of tissues of interest (Bandettini et al., 2012; Newton et al., 2012) . However, smaller voxels also have intrinsically less image signal to noise ratio (SNR) (Edelstein et al., 1986) , which perhaps makes the benefits of 7T fMRI initially not obvious. In actuality, for typical fMRI studies, the image SNR is secondary to temporal SNR (TSNR), the signal to noise of the time series (Murphy et al., 2007) . At high image SNR, TSNR tends to be the determining parameter of sensitivity. TSNR values are influenced by different kinds of physiological and non-physiological noise, which in turn are affected by field strength . Therefore, much research has focused on teasing apart these factors. Studies have investigated the relation of spatial resolution with TSNR (Triantafyllou et al., 2005 (Triantafyllou et al., , 2006 van der Zwaag et al., 2009) , and with contrast to noise ratio (CNR) in specific regions of interest (Beisteiner et al., 2011; Sladky et al., 2013) . Recent work has additionally outlined the effects on TSNR by technologies other than field strength, such as accelerated imaging and head coil design (Triantafyllou et al., 2011; Wald and Polimeni, 2017) . Some of these studies are theoretically and empirically grounded but use unconventional, custom, or outdated acquisitions and analyses. Therefore, for the cognitive neuroscientist, it may also prove illustrative to test the effects of field strength on statistical power with state-of-the-art data and conventional analyses.
Specifically, this study investigates group-level statistical power differences in BOLD activation between 3T and 7T in two conditions of a classic response inhibition GO/NOGO paradigm. The GO condition probes the motor network during button pressing, and the NOGO condition probes response inhibition following the buildup of prepotent motor response. Both the GO and NOGO conditions may therefore serve as general examples of sensorimotor and cognitive processes, respectively. Because "cognitive neuroscience" is a broad and multifarious term, the present work focuses on activation analyses using the general linear model (GLM), arguably the most common and robust approach to functional brain mapping (Poline and Brett, 2012) .
Hypotheses were twofold: First, at group-level, both the effect estimates and their t-statistic values in known GO and NOGO regions would be larger at 7 T than at 3 T. This was expected to be observable in withinand between-field whole-brain statistical maps. Secondly, it was hypothesized that, using unbiased regions of interest, power analyses between field strengths would result in a median fewer subjects at 7T needed to produce comparable effects at 3T.
Methods
Methods were shared between the 7T and 3T acquisitions and analyses, yet there were some differences. The similarities and differences are described separately below.
Consistent methods between field strengths
Participants (inclusion/exclusion criteria) Right-handed, healthy adult volunteers were recruited from a mixed urban and suburban population through Internet listservs, flyers and print advertisements. Exclusion criteria included the following: (a) current or past Axis I psychiatric disorder as assessed by SCID-I/NP (First et al., 2007) , (b) first-degree relative with a known psychotic disorder, (c) brain abnormality on MRI as assessed by a radiologist, (d) positive toxicology screen, (e) MRI contraindication, or (f) excessive head motion during the functional scans. Head motion exclusion criteria were identical between studies: subjects with more than 10% of their TRs censored were excluded, and censoring on a data point was defined as a between-TR movement of >0.3 mm Euclidean norm distance. Of the subjects that were included in the present work, there was no statistically significant difference between the average fraction of TRs censored in both runs at 3T vs 7T (averages (SD)% of 3T/7T ¼ 3.1(2.4)/2.1(2.4); p ¼ 0.10) or the absolute number of censored TRs (averages (SD) of 3T/7T ¼ 24.4(19)/20.0(21); p ¼ 0.38). Written, informed consent was approved by the National Institute of Mental Health Combined Neuroscience Institutional Review Board and obtained from all subjects. The number of subjects was n ¼ 31 for both analyses.
Task design and behavior
The event-related task employed was the Sustained Attention to Response Task (SART) (Robertson et al., 1997) , which is essentially a GO/NOGO paradigm (91% GO trials with the " ¼ " symbol indicating button push and 9% NOGO trials with the "o" symbol indicating no push). The high proportion of GO vs. NOGO trials builds a prepotent response that is challenging to overcome. The same number of trials for each condition were in both analyses: 574 GOs and 54 NOGOs.
Of note, this data was originally collected for different analyses from those reported here, e.g. (Torrisi et al., 2016) . A threat of unpredictable electric shock procedure was also "overlaid" on the SART, based on a translational anxiety induction paradigm (Schmitz and Grillon, 2012 ). Overall, the task consisted of six, 2-min periods of threat of shock vs. safety from shock (condition indicated by colored border around stimuli). Randomly-timed shocks were 1 per run (2 runs total). Because only main effects of GO and NOGO trials are reported in the present manuscript, collapsing across threat and safe conditions, the threat component of the experiment will not be discussed and main effects will simply be called "effects".
Behavioral performance was also quantified. First, NOGO and GO accuracies were averaged across threat/safe conditions for main effects. GO reaction times were also averaged across threat/safe conditions. These NOGO and GO behavioral effects were then separately compared between field strength cohorts with two-tailed, two-sample t-tests.
Data acquisition
Both whole brain, gradient EPI functional acquisitions were collected with Siemens scanners, 32-channel head coils, a flip angle of 70 and TR of 2 s. Data for both datasets were acquired ascending interleaved, without multiband/SMS, and with partial Fourier turned off (Supplemental Table 1 ). Subjects were given earplugs, a pillow beneath their knees for comfort, and foam padding was used to mitigate head movement.
Preprocessing and analyses
Preprocessing and analyses across datasets were performed within AFNI (Cox, 1996) using afni_proc.py (see supplemental material for script). Although the 3T data were previously published, those data were reanalyzed for the present manuscript to match the normalization and smoothing of the 7T study. The spatial normalization and smoothing preprocessing steps are the only changes to the previously reported methods (Torrisi et al., 2016) . Nonlinear normalization used 3dQwarp (Cox and Glen, 2013) and was performed to conform to the ICBM 2009 template in MNI space (Fonov et al., 2011) . Because smoothing can alter the effect sizes and statistics of group studies (Mikl et al., 2008 ), AFNI's iterative tool 3dBlurToFWHM was applied to equate the smoothness across the datasets at a FWHM of 6 mm.
For both 3T and 7T subject-level analyses using 3dDeconvolve, shocks were modeled as effects of no interest along with each subject's 6 head motion parameters. Data were additionally scaled by the voxel-wise mean during preprocessing so effect estimates would proximately represent percent signal change (and an effect of interest). Two-way ANOVA was performed at the group level using 3dANOVA3 for both field strengths separately, with GO and NOGO as two within-subject factors. Two types of statistical analyses were performed. The first, Analysis 1, focused on main effects of GO trials on the motor network (correct GO trials regardless of condition), while the second analysis, Analysis 2, focused on the main effects of NOGO trials (correct NOGO trials regardless of condition). When shown in figures as whole-brain results, statistical thresholding was matched between field strengths within the same group mask (cluster defining threshold p¼0.0001) and corrected at the cluster level for whole brain p < 0.05 FWE using the AFNI team's recommended mixed model autocorrelation function . A direct, voxel-level comparison between field strengths was also performed. Each subject's GO and NOGO main effects statistical maps were resampled to an intermediate spatial resolution between the acquired resolutions: (1.9 þ 3)/2 ¼ 2.5 mm isotropic. This enabled direct, 2-sample, 2-tailed t-tests for each condition. Correction for multiple comparisons for this test was performed using non-parametric permutation testing using the -Clustsim option in 3dttestþ þ . Resulting maps were set at a cluster defining threshold of p ¼ 0.001, k ¼ 32 for a strict, whole-brain p < 0.05.
It was desirable to obtain a range of power estimates and not to limit each analysis to a single region of interest (ROI) (Mumford, 2012) . The averaged (mean) effect values were extracted from a number of 8-mm radius spheres formed around coordinates reported in two published neuroimaging meta-analyses. For Analysis 1, the effect of GO trials, 10 ROIs were first chosen that had been reported as evidencing "…the main effects of all finger-tapping task variations …" (Witt et al., 2008) . This meta-analysis included 38 studies. The 10 regions consisted of: bilateral sensorimotor cortices, supplementary motor area (SMA), left ventral premotor cortex, bilateral inferior parietal cortices, bilateral basal ganglia, and bilateral anterior cerebellum. For Analysis 2, the effect of NOGO trials, 16 ROIs were chosen directly from Table 2 of reported NOGO peaks (Swick et al., 2011) . This meta-analysis included 48 studies reporting activation in NOGO response inhibition tasks. Because this table also reported cluster sub-peaks, the first coordinates for every cluster were chosen as centers for spherical ROIs. These 16 regions consisted of: right insula, right inferior parietal lobule, right medial frontal gyrus, left claustrum, left inferior parietal lobule, left middle frontal gyrus, right precuneus, right superior temporal gyrus, left supramarginal gyrus, right inferior occipital gyrus, left fusiform gyrus, left inferior frontal gyrus, right middle frontal gyrus, right caudate, right cingulate gyrus and left inferior parietal lobule. Because both meta-analyses reported peaks in Talairach space, prior to ROI creation the tal2icbm_spm transform was used to convert coordinates to MNI space (Lancaster et al., 2007) . Locations of all ROIs are shown in Supplemental Fig. 1 . Notably, our task did not activate some of these ROIs, which were removed from the analyses. This was determined by overlaying the spheres on liberally-thresholded and binarized activation maps. Thresholding was whole-brain corrected at a cluster defining threshold of p < 0.01. ROIs showing no activation overlap in any voxels in an ROI for both 3T and 7T voxel-level group maps were considered outliers (Supplemental Fig. 2 ). This resulted in the removal of three ROIs for the GO analyses (R basal ganglia, R inferior parietal and R sensorimotor), leaving 7, and the removal of one ROI for the NOGO analyses (R middle frontal gyrus), leaving 15.
Statistics between field strengths for each ROI were performed on averaged effects at the individual subject level, with group t-tests performed on those values. Bonferroni corrections for multiple ROI comparisons were determined at p¼0.05/7 ¼ 0.007 for Analysis 1 and p¼0.05/15 ¼ 0.0033 for Analysis 2.
An exploratory comparison was also performed to test whether small effects were more visible at 7T. A given region that activates robustly and with large effect is usually one identified in a quantitative meta-analysis, such as the ones used presently for ROI definitions. We asked if any of the NOGO clusters identified in the direct 7T > 3T voxel-level comparison were not represented by the NOGO ROIs, indicating that they may typically be of small effect and not commonly detectable at normal field strength.
Finally, group-level power analyses between field strengths for both analyses and for each ROI were calculated. T-statistics were calculated from averaged effects value in a given ROI (as described above) and then used to calculate a Cohen's d using the formula t-stat/sqrt(n), where n ¼ sample size of 31. This Cohen's d was then used with the pwr() function in R, version 3.3.3 (R Core Team, 2016), to perform the power analyses (Cohen, 1988) with projected group sample sizes prescribed for each ROI as outcome measures. These were determined at: 80% power, p < 0.001, and as one-sample, two-sided t-tests. Results were separately plotted as slopegraphs for each ROI (Tufte, 1983) as well as median sample sizes for the GO and NOGO analyses, including interquartile ranges (IQR). The IQR function in R calculates IQR as quantile(x, 75%) -quantile(x, 25%), based on (Hyndman and Fan, 1996) . Medians are reported rather than means because they are less sensitive to outliers, which were expected given the approach taken to derive ROIs from coordinate-based meta-analyses.
Differing methods between field strengths
There were some differences across field strength acquisitions and analyses. Some were minor, others necessary and still others, such as higher spatial resolution at 7T, were chosen to reflect the current and perhaps inevitable trend of UHF researchers acquiring at increased resolution. None of these differences are expected to substantially affect the main findings in a way that would not affect most cognitive neuroscientists moving to UHF.
Participants
3T and 7T results are derived from two different cohorts of 31 subjects (62 total individuals), who were matched on age, sex and head motion. For the 3 T study the average (SD) age was 28.0 (6) years with 17 male and 14 female participants. For the 7 T study the average age was 27.8 (6); (17 male, 14 female).
Table 2
Regions and peak coordinates from direct 7T > 3T comparison, corresponding to Fig. 5 . Results whole brain corrected by non-parametric permutation. BA ¼ (approximate) Brodmann's area. k ¼ number of (2.5 mm) voxels in a given cluster. Coordinates in MNI space. The effects of GO trials at 7 T. Both sets of results are whole-brain corrected at cluster p < 0.05. Cluster defining threshold is matched between results (p < 0.0001); however, different spatial resolutions required different cluster sizes for correction: k ¼ 5 voxels for 3T and k ¼ 25 for 7T (whole-brain corrected at p < 0.05). In this figure and Fig. 3 and 5, statistical results are overlaid on axial slices of subjects' averaged T1s after nonlinear normalization. Results here are shown within a gray matter mask that matches the normalization template.
Task design
The inter-stimulus interval (ISI) between 500 ms GO and NOGO events ranged from a randomly-chosen 1500-2500 ms for the 3T study and from 1500 to 3000 ms for the 7T study. Because the same number of trials were retained between each field strengths, this minor difference in ISIs increased the total scan length at 7T. At 3T each run was 13min 12s (26 min 24s total) and at 7T each run was 14 min 20 s, (28 min 40s total). Notably, this difference in ISI could have an effect on resolving the hemodynamic response function, however this would affect the precision and not the magnitude of parameter estimates. Because precision was not brought to the group-level analyses, this difference should have negligible effect on statistical comparisons.
Data acquisition
For the 3T study a standard functional resolution of 3 mm, isotropic voxels with a TE ¼ 30 ms was acquired in a Siemens Magnetom Skyra. A T1-weighted 1 mm isotropic MPRAGE was also collected. For the 7T study a functional resolution of 1.78 Â 1.78 Â 1.98 mm voxels was acquired with a TE ¼ 27 ms in a Siemens Magnetom, and during analyses was resampled to 1.75 mm isotropic. Parallel imaging (in-plane acceleration) was 2 Â at 3T and 3 Â at 7T. Further acquisition specifications can be found in (Torrisi et al., 2016) and in Supplemental Table 1 . Prior to acquisition of the 7T data, a 3 rd -order shimming procedure was implemented to correct for inhomogeneities. A T1-weighted 0.7 mm isotropic MPRAGE was collected for 7T subjects. Reverse phase encoded EPI (30 s) was also acquired at 7T for geometric distortion correction (Holland et al., 2010) .
Finally, for the 7T subjects only, respiratory and cardiac data were collected and sampled at 500hz with a BioPac MP150 system (www. biopac.com). Because this data were not collected in the 3T study, physiological data were not used to remove physiological noise from the imaging data. Nevertheless, the 7T recordings were used for a manipulation check between conditions. Paired t-tests were used to test whether threat had an appreciable effect on respiration or cardiac cycles, which could potentially affect physiological noise and thus differentially affect the 7T data. Custom scripts were written to pull relevant measures from AFNI's PeakFinder.py. Fig. 2 . Analysis 1, GO effects (right-handed index finger pressing). A: Effect differences in peak percent signal change for 7 regions of interest between 3 and 7 T. B: Peak (or minimum) T-statistics within ROIs. Sphere locations chosen from coordinates reported in (Witt et al., 2008) Neuroimaging: percent signal change and t-statistics Analysis 1 probed the effects of correct GO trials. Fig. 1A shows the whole brain results at 3T and Fig. 1B shows identically-thresholded whole brain results at 7T. Averaged effect estimates within the 7 GO ROIs, scaled to represent percent signal change ( Fig. 2A ), and the grouplevel t-statistics of these effects (Fig. 2B) , are generally higher at 7T.
Results

Behavior and physiology
Analysis 2 probed the effects of correct NOGO trials. Fig. 3A and B displays identically-thresholded whole brain results for 3T and 7T, respectively. At 7T, averaged effect estimates within the 15 NOGO ROIs, scaled to represent percent signal change (Fig. 4A ), and the group-level tstatistics of these effects (Fig. 4B) , are also generally higher than at 3T. Supplemental Figs. 3A and 3B additionally show the maximum t-statistics in each ROI for both analyses 1 and 2. Table 1 reports the effects sizes (percent signal change) and Cohen's d as well as the t-tests and statistical significance for all ROIs between field strengths. Many of the averaged voxel effects are significantly stronger at 7T, surviving Bonferroni correction for multiple tests.
The direct comparison of field strengths following intermediate resampling shows significant task-relevant regions despite strict, nonparametric permutation testing. Fig. 5 (upper two panels) shows the 7T > 3T contrast for GO trials, where the primary motor and ipsilateral cerebellar regions survived correction. Fig. 5 (lower six panels) shows the 7T > 3T contrast for NOGO trials and surviving regions such as the medial frontal gyrus, left occipital gyrus, left mid insula, bilateral anterior insula, right dlPFC and inferior parietal lobules. No regions were significantly more activated at 3T. Table 2 reports peak voxel information for all significant clusters.
The exploratory analysis looking for evidence that 7T more robustly activates regions with generally smaller effect sizes is shown as Supplemental Fig. 4 , for the NOGO contrast. With the possible exception of regions 'c' and 'e', most clusters that crossed strict, permutation control, representing stronger activations at 7T than 3T, are not ones canonically activated by NOGO tasks. This is indicated by their non-overlap and spatial distance from the meta-analysis-derived ROIs used.
Neuroimaging: power analyses
Individual power analyses were performed for each GO or NOGO ROI. For both conditions, the median of both power analyses prescribed fewer subjects at 7T for the same level of statistical power as 3T (Fig. 6) . Additionally, Analysis 2 shows generally less variance of prescribed subjects. Fig. 6A and C displays how less subjects were prescribed at 7T for most regions, where one can follow the change for each ROI. Fig. 6B and D separately plot the median and interquartile range for the individual ROI power analyses. For Analysis 1 (GO trials) at 3T, a median (IQR) of 19.6 (41.5) subjects were prescribed following the power analysis of the 7 ROIs that survived outlier exclusion. At 7T, 15.7 (43.8) subjects were prescribed following the power analysis with those 7 ROIs. For Analysis 2 (NOGO trials) at 3T, 38.5 (136.6) subjects were prescribed following the power analysis of the 15 ROIs that survived outlier exclusion. At 7T, 25.3 (22.2) subjects were prescribed following the power analysis of those 15 ROIs. We note that a direct statistical comparison between subject N prescriptions is not appropriate, as degrees of freedom are directly dependent on the number of ROIs used for each condition type. The ROI-based group power comparisons described here, reported as median and IQR values, should therefore be considered qualitative.
Discussion and conclusion
Advances in hardware and software now make UHF sufficiently userfriendly to enable clinical or cognitive neuroscientists to easily adapt standard neuroimaging analyses, such as those performed here. This is the first group-level fMRI study reporting on the statistical power of 3T and 7T scanners using a conventional cognitive paradigm, analysis, and sample size. Field strength effects on the two conditions of a GO/NOGO paradigm were examined using unbiased ROIs. Results demonstrate that at 7T, effect sizes and statistics were significantly higher and generally fewer subjects were prescribed at the group level to match the same power at 3T. The following discussion explores the implications of these main findings.
Results suggest that by moving to UHF without altering experimental design and analysis, one can obtain higher fMRI effect sizes and levels of significance. Furthermore, it appears that smaller effects can also be detected at 7T. Higher significance levels overall, for a fixed false positive rate level, would benefit the cognitive neuroscience field, which has replicability issues partly driven by low statistical power (Poldrack et al., 2017) . UHF is generally not yet a part of the replicability conversation, however, and hopefully the present work will contribute to that discussion.
There is an obvious trade-off in functional imaging between signal strength partially enhanced by spatial blurring, and anatomical specificity (Mikl et al., 2008) . Higher field strength will generally deliver better localization, particularly together with nonlinear warping of subjects to a common, well-defined template. Depending on the application, using UHF to achieve higher signal and corresponding statistics, but at the expense of anatomical specificity, may not be recommended. Future 7T cognitive neuroscience studies will need to strike a balance between desired anatomical precision and results that are correctable. It is likely that spatial smoothing will play a part in this balance, with less smoothing than currently applied becoming the norm. To some extent, this may require a cultural shift in functional neuroimaging with greater emphasis placed on precise anatomical reporting (Aguirre, 2014; Devlin and Poldrack, 2007; Turner and Geyer, 2014) , and concomitant changes to conceptualizing the boundaries of functional localizations. As such, it is possible that future UHF cognitive neuroscience research will avoid general descriptors like "superior frontal gyrus" or "inferior parietal lobule" and instead consistently report cortical results at, for example, the level of a particular bank of a sulcus (Petrides, 2011) . (Swick et al., 2011) 
Naturally, what UHF will offer to functional anatomy is still under active investigation, but most signs point to more precise anatomical investigations and reporting. For example, at the cortical level, work is ongoing to resolve the cortex with fMRI at the level of columns and layers (Huber et al., 2017 (Huber et al., , 2018 which could have profound effects on the field. Nonetheless, specific functional boundaries of cortical subregions (e.g. digits of the hand) can have substantial intersubject variability (Kolasinski et al., 2016) . The situation is likely to be more complex for areas of the association cortex (Laumann et al., 2015) . Work at UHF has therefore also focused on subcortical structures (De Martino et al., 2013; Torrisi et al., 2017) which may possess less intersubject variability. Accordingly, 7T benefits could be even greater for subcortical nuclei than for the cortex, at least with averaged group maps like those used here.
Finally, we performed power analyses across sets of regions for Analyses 1 and 2 of both the 3T and 7T data. These resulted in the 7T analyses prescribing a lower median number of subjects than at 3T and with generally less variance of the NOGO estimates across regions. This lower variance implies greater reliability when running power analyses at 7T. However, readers are urged not to make too much of the absolute numbers of subjects reported and shown in Fig. 6 ; instead, it is the relative median difference across ROIs, and the difference in variance, that are considered the more important findings. These findings could serve as a general guide for those considering how their own paradigms and procedures may be impacted by UHF.
To some extent, suggesting that future UHF cognitive neuroscientists may collect less data runs counter to recent admissions that research studies are often underpowered (Button et al., 2013) and the related push towards 'big data' (Biswal et al., 2010) . Aside from an investigator needing a large enough cohort to sufficiently sample their population of interest, very large sample sizes will still be necessary, such as with neuroimaging genetics (de Zubicaray et al., 2008) , when performing brain-behavior correlations (Yarkoni, 2009) or with dimensional analyses across subclinical and clinical constructs (Elton et al., 2016) . Therefore, the results presented here are not a panacea for all future UHF imaging.
Crucially, greater signal and statistical power also allows for more flexibility in experimental designs. While directly moving an experimental paradigm from 3T to UHF to acquire fewer subjects may be desirable, one can also "trade" this power for a similar N but with other elements altered. For example, another benefit of UHF may be faster throughput for testing and piloting novel experimental paradigms. UHF could also enable investigators to make existing paradigms shorter, allowing for more different paradigms to be performed in a given session, or, alternatively, shorten the conditions within a paradigm to allow for a fewer number of trials and greater number of conditions, contrasts, or parametric levels.
Limitations
This study has some potential limitations. Although our contrasts concern the effects of GO and NOGO, the paradigm employed was not a pure GO/NOGO. The threat of shock component of the task may have therefore 'colored' the results in an unpredictable, or difficult to interpret, manner. However, our group previously observed that the threat of shock condition largely enhances the activation of regions that are already active during safety, and does not necessarily introduce newly active regions (Torrisi et al., 2016) . Furthermore, this effect would be the same between field strengths. It also appears, based on data at 7T, that respiratory and cardiac measures do not significantly change between threat and safe conditions, implying that field-dependent differences in noise would not be exacerbated by the threat conditions. Additionally, the ROIs used for the effects extractions and power analyses were based on clusters derived from previous research involving only finger tapping and NOGO trials, without a threat component. Therefore, even if additional brain regions were recruited during threat of shock they would likely not be captured among the ROIs used here.
Another limitation of the present study, alluded to above, is that the issue of physiological noise was not directly examined. Physiological noise increases with field strength (Hutton et al., 2011; ) and, at our nominal functional resolution, physiological Table 2 for all).
noise, relative to thermal noise, may affect the data (Triantafyllou et al., 2006 (Triantafyllou et al., , 2005 . For example, due to the t-statistic equation and its conversion to a Cohen's d, noise did influence the effect size estimates for the group power analyses. Future field strength comparisons should investigate the effects of noise on group power estimates. Our approach to probe power in meta-analysis-derived ROIs was not conducive to also investigating the contributions of physiological noise, because of the non-uniformity of noise across the imaging space and the inevitable inclusion of variable quantities of white matter in the spherical ROIs. Therefore, a study that probes group-level power and field strength effects on physiological noise effects may also benefit from power analyses at the voxel level rather than with ROIs (Durnez et al., 2016; Joyce and Hayasaka, 2012) .
It is also a limitation that the cohorts were different between field strengths. Although both n ¼ 31 cohorts were also matched on age, sex, head motion, smoothing and most task performance, results could partly be due to differences in the subjects scanned. The present results, however, are in line with other studies that tested identical cohorts at 3T and 7T (Beisteiner et al., 2011) , suggesting that the main findings would remain if we collected the same subjects at both field strengths. Furthermore, habituation and order effects are avoided by collecting different cohorts. Nevertheless, having different individuals in each group remains a limitation because some analyses that could further gauge the consistency or agreement between field strengths could not be performed, such as an intraclass correlation (ICC) analysis . Finally, and concerning anatomical issues outlined above, we were unable to demonstrate potential benefits of 7T to explore small subcortical nuclei, such as the subthalamic nuclei involved in the motor inhibition component of NOGO trials (Aron et al., 2016) . Indeed, our particular data were suboptimal to detect BOLD changes in these nuclei because of their high iron concentration (Puckett et al., 2017) .
Conclusion
The present fMRI study examined a standard GO/NOGO paradigm at 3T and 7T field strengths. The goal was to test and demonstrate the effects of field strength on a cognitive neuroscience paradigm using accessible preprocessing and analysis tools. Results show greater statistical strength and greater power at 7T. Assuming an increase in availability of UHF scanners in the coming years, this power may be used in UHF cognitive neuroscience studies to present statistically reliable work using fewer participants or to leverage this power toward different and more efficient or comprehensive experimental designs. We hope that the present work will temper skepticism and uncertainties among some investigators about UHF, and we look forward to a future where UHF will complement the work done with commonly available technologies.
